We report measurements of ultrahigh quality factors (Q-factors) of the optical whispering-gallery modes excited via a tapered optical-fiber waveguide in single glycerol-water microdroplets standing on a superhydrophobic surface in air. Owing to the high contact angle of the glycerol-water mixture on the superhydrophobic surface (>155°), microdroplets with the geometry of a truncated sphere minimally distorted by gravity and contact line pinning effects could be generated. Q-factors up to 2.3 × 10 6 were observed for such droplets with radii of 100-200 μm exposed to the ambient atmosphere in a closed chamber with controlled relative humidity. Placement of microdroplets in a constant humidity environment permitted prolonged characterization of Q-factors for individual microdroplets. We found that the Q-factors in air were stable over more than 1 h and their measured values were limited mostly by the thermally induced droplet shape fluctuations.
INTRODUCTION
Ultrahigh-quality (ultrahigh-Q) optical resonant microcavities that confine and concentrate light to small modal volumes enable optical fields to interact strongly with dipolar emitters embedded in the cavity or with mechanical degrees of freedom of the cavity [1] . Moreover, the spectral positions of their optical resonances are very sensitive to changes in the shape and/or composition of the cavity or its environment. These properties make ultrahigh-Q microcavities ideally suited for applications in cavity QED, cavity opto-mechanics, and label-free biological sensing [1] [2] [3] [4] .
The Q-factor of an optical resonant mode can be defined as
where ωλ is the resonant frequency (wavelength) and δωδλ is the resonance linewidth. Among various optical microcavities, such as micropillars, microdiscs, or photonic crystal defect cavities, microspheres and microtoroids display the highest-Q optical resonances-so-called whispering gallery modes (WGMs) [1, 5] . In order to excite such ultrahigh-Q resonant modes, the refractive index of the cavity must be higher than that of the surrounding medium; this condition leads to the confinement of light inside the cavity due to total internal reflection. Reported Q-factors measured in microspheres and microtoroids range from 10 8 to 10 10 [6, 7] . Liquid microdroplets represent alternative ultrahigh-Q optical microcavities, owing to their ideally spherical geometry and smooth surface [8, 9] . Droplet-based optical cavities have been subject to extensive theoretical and experimental studies. Chylek calculated the spacing between the neighboring WGMs of oil droplets and compared the theoretical results to experimental data with ∼1% accuracy [10] . Eversole et al. studied the spectral positions of WGMs and used them to determine the droplet refractive index [11, 12] . In a number of experimental investigations, dye lasing [13] [14] [15] [16] [17] [18] , stimulated Raman scattering [19] [20] [21] [22] , and Raman lasing [23, 24] from droplets of various liquids surrounded by air or another immiscible liquid with low index of refraction have been analyzed and characterized. At visible wavelengths, absorption-limited Q-factors of ∼10 8 have been predicted for the first-order WGMs of water microdroplets in air with a size parameter α 2πa∕λ (a and λ being the droplet radius and the light wavelength, respectively) larger than ∼60 [25] . Experiments involving a stream of liquid microdroplets floating in air have revealed Q-factors up to 5 × 10 5 , using measurements of the photon lifetime of light scattered elastically from the droplets [26] . In addition, experiments with cavity-enhanced energy transfer between donor and acceptor molecules have suggested Q-factors of ∼5 × 10 6 for the WGMs of single electrodynamically levitated glycerol microdroplets in air [27, 28] . Despite these demonstrations, characterization of Q-factors of liquid microdroplets in air based on direct high-resolution determination of WGM linewidths has not been reported. The main experimental challenge of such measurements lies in stabilizing the droplet position and size during the measurement and simultaneously coupling efficiently the probe laser light into the droplet.
In this article, we report direct, linewidth-based measurements of ultrahigh-Q factors of individual optical resonances excited in liquid microdroplets surrounded by air. The droplets were deposited on a superhydrophobic surface and their WGMs were probed using tapered optical fiber waveguides. The experimental configuration with a superhydrophobic surface is robust and easy to implement, and preserves the spherical shape of the microdroplets while stabilizing their position [29] . Thus, it simplifies significantly the measurements of Q-factors of liquid droplets in air and allows prolonged investigation of individual droplets. In our experiments, the droplet size was stabilized by adding glycerol to the aqueous droplets and keeping the droplets in a closed chamber with controlled relative humidity. We used a tapered optical-fiber waveguide to couple light from a narrowlinewidth tunable laser into an individual surface-supported droplet of glycerol-water mixture and measured the fiber transmission as a function of the laser wavelength. Tapered optical-fiber coupling is commonly used for characterizing ultrahigh-Q microcavities [1] [2] [3] [4] . In contrast to free-space coupling, fiber tapers allow selective phase-matched excitation of individual WGMs [30] with a coupling efficiency better than 90% [31] and a spectral resolution limited only by the linewidth of the laser used. We note that Q-factors of individual liquid droplets have been previously characterized using tapered fibers [32] . In that work, the studied aqueous droplets were immersed in an immiscible cladding liquid that prevented evaporation of the droplet liquid. While this approach provided stabilization of the droplet size, simultaneous requirements of liquid immiscibility and refractive index contrast put limits on the suitable droplet/immersion medium liquid pairs.
EXPERIMENTAL SETUP AND PROCEDURES
The experimental setup used for the ultrahigh-Q WGM spectroscopy of surface-supported liquid microdroplets is depicted in Fig. 1 . Tapered optical fiber waveguides were manufactured from a single-mode optical fiber (SM600; Thorlabs) by the heat-pull method using a stationary hydrogen flame [33, 34] . During the taper pulling, the transmission of light from an auxiliary laser (λ 637 nm) through the formed taper was monitored and the pulling of the fiber was halted when oscillations in the transmitted light intensity ceased. Since these oscillations arose due to interference of multiple transverse modes propagating in the fiber, their disappearance indicated single-mode operation of the taper [34] . The transmission of the final tapers was typically higher than 90% and scanning electron microscope imaging revealed taper diameters in the range of 500-700 nm. The taper was mounted on a three-axis piezo stage (Tritor 102SG; Piezosystem Jena) that allowed fine positioning of the taper with respect to the droplet with a resolution better than 2 nm. Superhydrophobic surfaces with mean roughness on the order of ∼50-100 nm were prepared by spin-coating a suspension of hydrophobic silica nanoparticles (Aeroxide LE1, average particle size 14 3 nm; Evonik) in ethanol on glass slides [29, 35] . Individual droplets of glycerol-water mixture were deposited on the superhydrophobic surface at ambient room humidity (∼42-44%) using a glass microcapillary connected to a syringe. The initial concentration of glycerol in the mixture was 47.8%w∕w; however, this increased after the droplet deposition due to the evaporation of water in the low-humidity ambient environment. Subsequently, the surface with a single droplet and the mounted taper were enclosed in a chamber having a total volume of ∼1.9 L with its relative humidity adjusted to 53% by a saturated solution of magnesium nitrate. At this relative humidity and with an ambient temperature of ∼23°C, the equilibrium concentration of glycerol in the droplet is 77.1% w∕w [36] , which corresponds to a refractive index n D 1.439 [37] . The experiments were carried out within 2 h after the droplet deposition. During this time, the humidity in the sample chamber gradually approached the equilibrium value of 53% and the droplet size roughly stabilized. The typical equilibrium radius of droplets used in the Q-factor measurements ranged from ∼100 μm to ∼200 μm. Light from a tunable external-cavity diode laser (tuning range 632.5-637 nm, linewidth <300 kHz, Velocity 6304; New Focus) was coupled into the tapered fiber that was then brought to the proximity of the droplet to induce coupling between the taper and the droplet. While approaching the taper to the droplet, we recorded simultaneously the taper transmission spectra and stopped approaching when we observed resonant transmission dips with a sufficient modulation depth (more than 20%). Since efficient coupling between the taper and the droplet requires overlap of evanescent fields of the two objects, the distance between the taper and the droplet was on the order of the penetration depth of the evanescent field d λ∕2πn 2 D − 1 1∕2 [38] . For our experimental conditions, d ≈ 100 nm. In order to minimize the absorption of the pump laser light in the droplet liquid, we carried out the measurements in the visible part of the spectrum where both water and glycerol are virtually nonabsorbing. The laser power was monitored both at the input and at the output of the tapered fiber and the measured taper transmission was normalized by the input power in order to cancel out the laser power variations during wavelength tuning. Wavelength scans of the tunable probe laser were carried out at low and high resolutions. During the low-resolution scans, the position of the tuning mirror inside the laser was changed by a DC motor with a spectral resolution of 0.02 nm over the whole 4.5 nm tuning range. These low-resolution scans were used to determine the free spectral range (FSR) of the droplet cavity. Due to the DC motor actuation of the tuning mirror, the low-resolution scans were slow (scan duration ∼100 s). In contrast, droplet WGM spectra with the resolution limited by the laser linewidth (<300 kHz) were acquired in the highresolution scans that were performed within the ∼90 GHz mode-hop free tuning range by the displacement of the tuning mirror with a piezoelectric transducer. The calibration of wavelength tuning in the high-resolution scans was carried out using a scanning Fabry-Perot interferometer. The highresolution spectra over the full fine-tuning range of ∼125 pm with the laser linewidth-limited resolution of ∼0.4 fm could be acquired in approximately 2 s. Figure 2 shows a side view of a representative glycerolwater microdroplet standing on a superhydrophobic surface. This figure illustrates the very good sphericity of the droplet shape and its high contact angle on the superhydrophobic surface (typically >155°). We analyzed the droplet shape by locating the droplet contour in the images and fitting this contour with a circle using a custom-written routine implemented in IgorPro (WaveMetrics). From the shape analysis, we obtained the relative rms difference between the true droplet contour and the best-fit circle D∕a ≈ 0.2%, where D is the absolute rms difference between the true contour and the fit and a is the droplet radius. The droplet was deformed toward an oblate spheroid that is consistent with gravity-induced deformation (see Section 3.B). In order to asses the stability of surface-supported droplets, we monitored the same droplet exposed to the ambient room conditions (average relative humidity ∼55%, temperature 25°C) for an extended period of time (up to 3 days). Comparison of the top and bottom images in Fig. 2 that were acquired with a time separation of 24 h shows that a prolonged exposure of the droplet to ambient atmosphere did not have any influence on the droplet contact angle and overall shape. The droplet shape analysis revealed a slight decrease of the droplet size in 24 h (relative radius change ∼2%). This size change can be attributed to the fluctuations in the ambient room humidity between the acquisition of the subsequent images.
RESULTS

A. Stability of Droplet Shape and Size
In Fig. 3 , a typical low-resolution transmission spectrum of a tapered fiber waveguide coupled to a microdroplet is shown. The average optical input power coupled into the taper was approximately 60 μW. Despite the residual variations of the nonresonant transmission background during the wavelength scan, sharp transmission dips corresponding to the excitation of individual WGMs of the droplet cavity are clearly visible. The overall structure of the WGM spectra is rather complex with the mode degeneracy largely lifted due to a slight droplet deformation by gravity and contact line pinning on surface inhomogeneities (see also the discussion in Section 3.B). Thus, we did not attempt to assign the observed taper transmission dips to specific mode orders. Using the asymptotic formula of Chylek [39] a λ 2 2πFSR
and assuming an effective refractive index of n D 1.439 for the glycerol-water mixture at 53% relative humidity, we calculated the droplet radius a from the FSR of 0.414 nm at the mean wavelength λ 635 nm to be a 120 μm. This value matched well the radius of ∼127 μm obtained from the droplet image analysis, considering ambiguity in defining precisely the location of the droplet boundary in the image that furthermore depends on microscope focusing. For droplets much larger than the light wavelength, the FSR given by Eq. (2) is rather insensitive to the droplet radius changes Δa (the FSR change ΔFSR ∼ −λ∕a 2 Δa) [10, 39] . On the other hand, the observed shift of the absolute WGM positions Δλ scales with Δa as [5] Δλ λ a Δa:
Consequently, at λ 635 nm and a 120 μm, even a modest resolution of Δλ 0.1 nm in detecting the WGM position corresponds to the smallest resolvable change of the droplet radius Δa 18.9 nm, which is well below the typical effective pixel size of CCD detectors used in high-resolution optical microscopy (∼65 nm, assuming physical pixel size 6.45 μm and 100-times optical magnification [40] ). Hence, tracking of the absolute position of a selected WGM provides much more precise information on the droplet size changes than the analysis of the droplet image. For this reason, all quantifications of the droplet size changes in the following text are based on the WGM position tracking.
Repeated high-resolution wavelength scans of the taper transmission revealed spectral shifting of the observed WGM structure that indicated changes of the droplet size. In Figs. 4(a) and 4(b), an illustration of the WGM structure drifting as a whole to the blue end of the spectrum is given.
Here, blue-shifting of the modes indicates decreasing size of the droplet that is accompanied by shortening of the resonant modal path in the droplet; correspondingly, red-shifting of the modes is the sign of the droplet size increase. In general, the droplet radius evolves with time as a result of a complex interplay between evaporation and condensation processes and, thus, the size of the loaded droplet can both decrease and increase. The dynamics of changes of the droplet size then depend on the total probe power coupled into the droplet and deviations from the thermodynamic equilibrium between the liquid and gas phases in the humidity chamber. For the example spectral recording presented in Fig. 4 , the rate of the droplet radius change determined from Eq. (3) for the measured spectral drift of −0.83 pm∕s and the average droplet radius of 130 μm was −0.17 nm∕s. Since our experiments were typically carried out on the time scale of ∼2 h, the above rate of the droplet size change corresponds to the relative droplet size stability of ∼0.9% over the duration of an experiment.
B. Lifting of Azimuthal Mode Degeneracy
A spherical resonant cavity with radius a and refractive index n s can host WGMs characterized by a radial mode number n, an angular mode number l, and an azimuthal mode number m l; l − 1; …; 0. For a perfect sphere, the azimuthal modes m corresponding to a given l are spectrally 2l 1-degenerate. Deformation of the sphere toward a spheroid with polar and equatorial radii r p , r e , respectively, leads to the lifting of the azimuthal mode degeneracy. Resonant frequency of the mth mode is then given by [41, 42] :
Here, ω 0 is the frequency of the original degenerate mode of the unperturbed sphere and the eccentricity of the spheroid is e r p − r e ∕a. The value of e is positive for a prolate spheroid and negative for an oblate spheroid. The equilibrium shape of droplets deposited on a superhydrophobic surface is the result of the interplay between the forces of surface tension and gravity. In general, sessile droplets tend to be flattened by gravity, and for small deformations the droplet shape is well approximated by an oblate spheroid [43] . Besides gravity, the droplet shape can be perturbed by other factors, the most prominent of which is inhomogeneity of the superhydrophobic surface that causes pinning and distortion of the droplet contact line. Consequently, the droplet shape departs from that of a perfect sphere or a rotationally symmetrical spheroid. All additional distortions that increase the droplet eccentricity lead to further frequency splitting of the azimuthal m-modes.
Droplet eccentricity e can be estimated from the measured mode frequency splitting. From Eq. (4), the frequency difference Δωm between two neighboring m-modes is
For a glycerol-water droplet with radius a 130 μm and refractive index n s 1.44 probed with a mean laser wavelength λ 635 nm, the approximate value of l is 
Moreover, in our experimental geometry (excitation of droplet WGMs via a tapered fiber located at the droplet equatorial plane), we excite most efficiently the WGMs with jmj ≈ l and the intensity of the observed WGMs falls off rapidly with increasing value of l − jmj [32] . Hence, Eq. (5) simplifies to
and, upon substituting Eq. (6) into Eq. (7), we obtain
where Δλ is the measured mode splitting. For the spectrum presented in Fig. 4(c) , the spacing of neighboring modes is ≈1.5 pm. Because of the mode excitation symmetry (the taper located in the droplet equatorial plane), odd azimuthal modes are not excited and the observed mode separation is actually equal to 2Δλ [32] . Therefore, Δλ ≈ 0.75 pm and the droplet eccentricity e ≈ 2.2 × 10 −3 . This value of eccentricity is comparable to the rms droplet shape distortion of ∼2 × 10 −3 that was obtained from the droplet shape analysis presented in Section 3.A.
C. Q-Factor Measurements
In order to characterize the Q-factors of WGMs of surfacesupported liquid microdroplets, we conducted series of relatively fast, high-resolution spectral scans over a narrow spectral range of 54 pm within 2.06 s. In Fig. 4(c) , an example of such high-resolution spectral recording is presented for a group of WGMs collectively drifting to the blue end of the spectrum. This group of WGMs consists of an intense long-wavelength mode accompanied by a number of shorterwavelength modes whose intensities decrease with decreasing wavelength. Such a spectrum is consistent with a family of WGMs with the same angular and radial mode numbers and different azimuthal mode numbers originating from the degeneracy lifting in a sphere deformed toward an oblate spheroid (see Section 3.B). Here, the longest-wavelength mode corresponds to the highest absolute value of the azimuthal mode number that belongs to the modes circulating in the droplet equatorial plane [41, 42] . In accordance with Eq. (2), the relative positions of individual WGMs are virtually unaffected by the droplet size drift. A Lorentzian fit of a representative WGM denoted by a black cross in Fig. 4(c) gave the mode FWHM δλ 0.5 pm. Knowing δλ, the Q-factor at the mean laser wavelength λ 635 nm could be determined using Eq. (1). Since the droplet size changed slightly during the spectrum acquisition, the Q-factor should be calculated after correcting the measured FWHM for the spectral drift of WGMs. Our highresolution spectral scans were carried out from red to blue wavelengths; thus, for a blue-drifting mode, the true FWHM of the mode is smaller than the measured one. Taking into account the measured rate of the WGM position drift of ∼0.8 pm∕s and the spectral acquisition rate of 54 pm∕2.06 s≈ 26.2 pm∕s, we obtain the true FWHM of ∼0.485 pm and, consequently, the Q-factor of 1.31 × 10 6 for the selected WGM. Images of a glycerol-water microdroplet on a superhydrophobic surface presented in Fig. 2 suggest that the droplet shape and contact angle are stable on the time scale of hours. This implies that the optical properties of surface-supported microdroplet cavities should not change significantly after the droplet deposition. In Fig. 5 , time evolution of the Q-factor of a single microdroplet is presented within the interval of ∼1 h following the droplet deposition. Values of Q-factors were determined using the above-described procedure. In order to minimize the possibility of forming a liquid bridge between the tapered fiber and the droplet, the taper was repeatedly moved toward and away from the droplet between consecutive Q-factor measurements. Therefore, it is likely that modes with different angular and azimuthal numbers were characterized in individual measurements shown in Fig. 5 . As illustrated by this figure, the characteristic Q-factors of degeneracy-lifted azimuthal WGMs of the droplet decreased slightly with time. While we did not observe any discernible changes in the droplet shape over several hours, it is likely that contaminant particles originating from the droplet liquid and/or slowly dissolving superhydrophobic surface accumulated at the liquid-air interface during this time. Such accumulation of contaminant particles would then lead to an increase in the light scattering at the droplet surface and, thus, increased loss of the cavity that is equivalent to a lower Q-factor. It is worth noting that it is not possible to observe directly binding of individual nanoparticles forming the superhydrophobic surface to the droplet since the mass of nanoparticles (∼3.8 attogram∕ particle) is too small to cause a detectable shift of the WGM positions [44] . Hence, accumulation of nanoparticles on the droplet surface manifests itself as a continuous process rather than a sequence of discrete jumps of the WGM properties. In addition, unlike with solid cavities, contaminant particles on liquid surfaces are not immobilized but instead diffuse in and out of the WGM field, which further smears the optical response of the cavity. Despite the slight decrease with time, the droplet Q-factor remains on the order of 10 6 . Consistence of this value with the expected experimental limits on the measured Q-factors is discussed in the next section.
EXPERIMENTAL LIMITS ON MEASURED Q-FACTORS
A. Contributions to Overall Q-Factor of a Resonant Cavity In general, the overall quality factor Q defined by Eq. (1) consists of several components: 
where 1∕Q rad characterizes losses of the resonant cavity due to radiation, 1∕Q mat describes losses due to material absorption and bulk scattering, and 1∕Q s:s: is the contribution of scattering from surface inhomogeneities [5, 6] . In perfect spheres with 2a∕λ ≥ 15, radiative quality factor Q rad > 10 11 [6] . In spheroids characterized by eccentricity e, photon paths generally depart from ideal circularity. This results in a lowering of Q rad relative to undeformed spheres that is proportional to e 2 and negligible for WGMs with modal paths localized in the equatorial plane of the spheroid [45] . As these are the modes we predominantly excite and characterize in our experimental geometry, we can assume that the value of Q rad is approximately unaltered by the droplet deformation. Material-related quality factor Q mat represents typically the main limit for the overall Q. This contribution can be expressed as
where α is the linear absorption coefficient of the cavity material and n s is the cavity refractive index at wavelength λ. For a glycerol-water mixture at λ 635 nm, α ≈ 2.8 × 10 −3 cm −1 [46] and n s 1.44 [37] , and, thus, Q mat ≈ 5 × 10 7 . Finally, Q s:s: can be expressed as
with Δ being the rms size of surface inhomogeneities and B their correlation length [6] . For glycerol-water droplets, thermal fluctuations of the droplet shape lead to Δ ≈ 0.07 nm [see Eq. (12)] and B can be estimated from the characteristic wavenumber q of the maximal liquid surface roughness (q ∼ 10 7 cm −1 ) as B ≈ 2π∕q ≈ 6.3 nm [47] . Assuming further that the droplet radius a 130 μm, Q s:s: ≈ 1.7 × 10 11 . From the above analysis, it follows that the expected limit on the intrinsic value of Q-factor measured in our experiments is set by Q mat at the level of ≈ 5 × 10 7 . This limit, however, is approximately 10 times larger than the maximum observed Qfactors. As argued in Section 4.B, we attribute this difference to thermally induced droplet shape fluctuations that lower the Q-factor values measured with the use of tapered optical fibers.
B. Fluctuation of Mode Position Due to Thermally Induced Droplet Shape Fluctuations
Due to thermal excitation, droplet shape undergoes random dynamic distortions with a characteristic amplitude given by [48] :
where k B is the Boltzmann constant, T is the thermodynamic temperature, and γ is the surface tension of the droplet liquid. For a glycerol droplet with γ 64mN∕m at room temperature T 293°K, Δ ≈ 0.07 nm. According to Eq. (4), the frequency ωm of the mth azimuthal mode depends linearly on the droplet eccentricity e. Thus, a change in e leads to a corresponding change in ωm:
Assuming droplet volume conservation upon deformation into a spheroid (i.e. r p r 2 e a 3 ), a shape distortion Δ in the direction of the droplet polar radius r p is associated with a change in eccentricity δe:
For glycerol-water microdroplets supported by a superhydrophobic surface, the droplet distortion from sphericity is very small (e ≈ 2.2 × 10 −3 ) and also Δ∕a ≪ 1. Thus, r p ≈ a and
Upon substituting Eq. (15) into Eq. (13), we obtain a relative frequency spread of the mth mode position as
Assuming again l ≫ 1 and jmj ≈ l, this simplifies to
For the considered values of Δ 0.07 nm and a 130 μm, dωm∕ω 0 ≈ 2.7 × 10 −7 . As the amplitude Δ of the thermally induced droplet shape fluctuations is much smaller than the static droplet deformation due to gravity and contact line pinning Δ g ≈ ea ≈ 286 nm, degeneracy-lifted azimuthal modes of thermally vibrating droplets remain well resolved and do not mix with each other [48] .
Thermal fluctuations of the droplet shape typically occur in the frequency range of ∼10 5 Hz. On the other hand, spectroscopic characterization of the droplet WGMs using a tapered fiber and a narrow-linewidth tunable laser was carried out on the time scale of ∼1 s. Hence, the spectral measurement detects an "effective" width of the fluctuating WGM given by Eq. (17) . This in turn corresponds to an effective quality factor Q eff
It is this value of Q eff (and not the intrinsic quality factor of the modes set by the value of Q mat in our system) that represents an upper limit on the quality factors measurable with the current experimental setup. This finding is consistent with the experimental data presented in Figs. 4 and 5.
CONCLUSION
In this article, we have presented systematic experimental characterization of ultrahigh-Q resonant modes (WGMs) of liquid microdroplets surrounded by air. To this end, we have deposited the droplets of the glycerol-water mixture on superhydrophobic surfaces with high contact angles and used light coupling from a tapered optical fiber waveguide to record the droplet WGM spectra. The measured Q-factors exceeded 10 6 and were stable on the time scale of 1 h. We have shown that slight residual deformations of the droplet shape due to the presence of the superhydrophobic surface with the contact angle smaller than 180°do not represent a restriction in the ultrahigh-Q spectroscopic measurements. Despite the high experimental values of the Q-factor, we have not reached the fundamental limit set by the light absorption in the droplets; our measurements have been limited by the thermally induced shape fluctuations of the droplets. Even though the stability of the droplet size in air has been greatly improved by controlling the humidity of the ambient atmosphere, some residual drift of the droplet radius has been observed. This issue can be further improved by active photothermal control of the droplet size [36] . The experimental configuration involving a superhydrophobic surface has allowed for the first time prolonged spectroscopic measurements on individual liquid droplets in air and simplified significantly efficient phase-matched light coupling into the droplets. Hence, it represents a well-suited platform for characterizing liquidbased micro-optical components.
